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(57) Abstract: A method according to the present invention for measuring the transmission quality between a base station (BS) and 
at least one remote station (RS) in a communication network (N) having at least one channel (c) for transferring signals between said 
base station (BS) and said at least one remote station (RS). comprises measuring a transmission quality (Q(c)) for signal transmissions 
via said at least one channel (c), and defining a transmission quality transmission quality measurement period (T(c)) for said at 
least one channel (c) in relation to said measured transmission quality (Q(c)). Moreover, the invention provides a system for a 
communication network (N) having at least one base station (BS) and at least one remote station (RS) transferring signals between 
each other via at least one channel (c) for carrying out the method of one of the claims 1 to 17. wherein the system comprises 
measuring means (4BS. 7BS; 4RS, 7RS) for measuring transmission qualities for signal transmissions via said at least channel (c), 
means (5BS; 5RS) for the definition of at least one transmission quality rneasurement period for signal transmissions between said 
base station (BS) and said at least one remote station <RS), and control means (IBS; IRS) for the measurement of transmission 
qualities during said at least one transmission quality measurement period. 
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1. Fieiq 

The present invention is related to communication networks 
and in particular to transmission quality measurements of 
coziununication signals between distributed components of a 
commxinication network - 

2. state of the Art 

In distributed wireless communication systems jointly using 
the same frequency bands or channels, the channel actually 
allocated to a base station for communication with respec- 
tive remote stations has to be selected. Such a channel se- 
lection caxi be accomplished at the instant a commiinication 
connection between a base station and a remote station is 
set up (e.g.* DECT^sys terns > , centralized for all base sta- 
tion . covering a certain geographical area (e.g^ GSM- 
sys terns ) , or at arbitrary times (e.g. HIPERIiAN/2) . 

In the latter case, which is addressed by the present in- 
vention, the channel selection, i.e. the allocation of cer- 
tain frec[uencies of a jointly used frequency band, is per- 
formed de-centralized and autonomously at each base sta- 
tion. As a result, a selected channel is not allocated to 
individual communication links for a base station above al- 
located for a base station which uses the selected channel 
and the frequencies contained therein, respectively, for 
several communication links established with this base sta- 
tion. 



Such selections and allocations of channels and frequen- 
cies, respectively, are often controlled by methods for a 
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so-called adaptive channel selection (ACS) . ACS-methods are 
based on measurements of received signal strength (RSS) 
levels on available channels for a base station. The RSS- 
measurements could be performed both in the up-link (i.e. 

5 the communication link from the base station to a remote 
station) and in the down-link (i.e. the communication link 
from a remote station to the base station) . The result of a 
RSS-measurement is indicative of signal interference for 
signals transmitted between the base station and respective 

10 remote stations. In particular, down-link signal interfer- 
ence is caused by two or more remote stations communicating 
with same base station within a channel commonly used, 
while up-link signal interference on signals transmitted by 
a base station can result from signal interference of sig- 

15 nals transmitted by base stations via a commonly used chan- 
nel . 

On the basis of RSS-measurements being indicative of the 
transmission quality of available chsuinels, the channel se- 

20 lection/allocation for a base station is performed. In or- 
der to select /allocate the channel having an optimiim trans- 
mission quality, the above ACS-methods have to react 
quickly on changed/modified operational conditions within a 
communication network. Therefore, the actual communication 

25 situation and especially signal interference associated 
therewith are monitored by means of RSS-measurements. In 
order to obtain the actual signal interference situation, 
conventionally, the RSS-measurements are performed continu- 
ously. Usually, measurement periods for RSS-measurement ar-e 

30 predefined fixed time periods both for allocated and avail- 
able channels. As used in the following, a measurement pe- 
riod is the time between two successive measurements. 

Depending on the number of allocated/ available channels and 
35 the number of remote stations assigned to a base station, 
this can result in a large number of measurements. Since 
RS-measurements for down-links are usually performed by re- 
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mote stations, the large niimber of RSS-measurements lead to 
an increased need of additional power resources, which is 
especially disadvantageous for (mobile) remote stations us- 
ing batteries. Further, an increased channel transmission 
5 capacity must be provided for measurement requests and 
measurement reports between base stations and remote sta- 
tions. Moreover, an increased load can occur for handling 
measurement requests, reports and results at a base sta- 
tion, requiring an increased processing time and capacity. 

10 

Moreover, RSS-measurements should compensate for signal 
fluctuations due to varying propagation losses and varying 
transmission power for base and remote stations, in order 
to provide reliable results. On one hand, this can accom- 

15 plished by a large niomber of measurements for continuously 
monitoring the current interference situation, also leading 
to the above-mentioned problems. On the other heuid, tempo- 
rary fluctuations of RSS-measurements can be compensated by 
linear filtering. In case RSS-measurement fluctuations do 

20 not occur temporarily but persistently, the linear filter- 
ing follows the RSS-measurements with a certain delay time 
leading to an delayed/ impaired channel selection. 

3. Ob-iect of the Invention 

25 

Principally, the object of the present invention is to 
solve the above-mentioned problems of known communication 
networks. In particular, the object of the present inven- 
tion is to provide a method and a system for measuring the 
30 transmission quality in a communication network requiring a 
reduced number of measurements (e.g. RSS-measurements) • 

SUMMARY OF THE INVENTION 
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In order to reduce transmission quality measurements in a 
communication network, the present invention is based on 
the principle both to adaptively control transmission qual- 
ity measurements with respect to operational condi- 
tidns/ situations in a communication network and/ or to per- 
form transmission quality measurements providing a long 
term transmission quality estimation for a communication 
network. 

5. Solution according to the Tnvention 

In particular the invention provides a method for measuring 
the transmission quality between a base station and at 
least one remote station in a communication network having 
at least one channel for transferring signals between the 
base station and the at least one remote station • The 
method comprises measuring a transmission quality for sig- 
nal transmissions via the at least one chcinnel, and defin- 
ing a transmission quality measurement period for the at 
least one chcumel in relation to the measured transmission 
quality. 

Preferably, the measuring of the transmission quality in- 
cludes measuring of a transmission quality for a cheamel 
allocated to the base station for comm\inica*ting with the at 
least one remote station and/or measuring of a transmission 
quality for at least one channel available for the base 
station for communicating with the at least one remote sta- 
tion. 

Here, it is possible to define a transmission quality meas- 
urement period for the allocated channel in relation to a 
ratio of the transmission quality value of the allocated 
channel and at least one of the trsuasmission quality value 
of the at least one available channel. 
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Moreover, the defining of the transmission quality measure- 
ment period include defining a transmission quality meas- 
urement period for each of the at least one availsible chan- 
nel in relation to a ratio of the transmission quality 
5 value for the allocated channel and the transmission qual- 
ity value for a respective one of the at least one avail- 
able channel • 

As a result, the ratio for the transmission quality meas- 
10 urement period for the allocated channel can be a ratio of 
the transmission quality value of the allocated channel and 
the maximum transmission quality value of the trsinsmission 
quality value for the at least one available cheuinel. 

15 In order to select an optimal channel for the base station, 
the transmission quality measurement period for the allo- 
cated chcinnel and the transmission quality measurement pe- 
riod for the at least one available channel are compared, 
whereby the allocated • cheuinel can be replaced by allocating 

20 one of the at least one available channel having a larger 
transmission quality measurement period con^ared to the al- 
located channel. 

Further, the invention provides a method for measuring the 
25 transmission quality between a base station and at least 
one remote station in a communication network as defined 
above, wherein the method comprises deteinaining the nxirober 
of remote stations associated to the base station, and de- 
fining a transmission quality measurement period for the at 
30 least one channel in relation to the number of the remote 
stations for measuring the transmission quality for signal 
transmissions between the base station emd the at least one 
remote stations. 

35 Since the transmission quality for remote stations being 
not actively commtinicating with the base station have a 
lower in^ortance compared to the transmission qualify of 
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actively, actually communicating remote stations, it is 
preferred that. the number of the remote stations is deter- 
mined for remote stations being in communication with the 
base station. 

Moreover, a further method according to the invention for 
measuring the transmission quality in the above network 
comprises defining grouping criteria, assigning each of the 
at least one remote station to one of at least two remote 
station sets according to the grouping criteria, and defin- 
ing transmission quality measurement periods for each of 
the remote station sets in relation to the grouping crite- 
ria. 

Preferably, the transmission quality measurement periods 
are indicative of a transmission quality measurement period 
for measuring the transmission quality of signal transmis- 
sions between the base station and the at least on remote 
station of a respective one of the remote station sets. As 
a result, only the transmission quality for one of the re- 
mote station sets are required to be measured during the 
respective one of the transmission quality measurement pe- 
riods . 

In case no information required for the assignment of the 
remote stations are available, parameters of the at least 
one remote station associated to the base station are meas- 
ured. Especially, the parameters should be in correspon- 
dence with the grouping criteria. 

In one embodiment, the method includes defining the group- 
ing criteria as being indicative of at least two transmis- 
sion quality ranges /groups , measuring the transmission 
quality for each of the at least one remote station, as- 
signing each of the at least one remote station to one of 
the remote station sets according to the respective remote 
station transmission quality, and defining the transmission 
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quality measurement periods in relation to a respective one 
of the transmission quality ranges / groups . 

In a further embodiment, the method includes defining of 
5 the grouping criteria being indicative of at least two data 
types , 

determining the data type being c\irrently communicated be- 
tween the base station and each of the at l^ast one remote 
station, assigning each of the at least one remote station 
10 to one of the remote station sets according to the data 
type communicated to/from the respective remote station, 
and defining the transmission quality measurement periods 
in relation to a respective one of the data types. 

15 Moreover, it is possible to combine the above embodiments. 
In one combination, for at least one of the remote station 
sets defined according to the transmission quality grouping 
criteria, at least two remote station subsets are defined 
according to the data type grouping criteria, and the 

20 transmission quality measurement periods for the at least 
two remote station subsets are defined in relation to the 
transmission quality ranges/groups and the data types, 
while transmission quality measurement periods for the re- 
maining of the remote station sets not including remote 

25 station subsets are defined in relation to the transmission 
quality raxiges/groups . 

In another combination, for at least one of the remote 
station s^ts defined according to the data type grouping 

30 criteria, at least two remote station subsets are defined 
according to the transmission quality grouping criteria, 
and the transmission equality measurement periods for the 
at least two remote station subsets are defined in relation 
to the transmission quality ranges /groups and the data 

35 types, while transmission quality measurement periods for 
the remaining of the remote station sets not including re- 
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mote station subsets are defined in relation to the data 
types . 

As mentioned, the invention also provides for a method to 
'5 perform transmission quality measurements for a long teana 
estimation of the transmission quality. Here, the method 
for a communication network as described above comprises 
measuring of a transmission quality of tremsmission signals 
between a base station and at least one remote station via 
10 at least one channel allocated to the base station, defin- 
ing of a first quality metric based on the signal 
strengths, measuring of a transmission quality of further 
transmission signals via the at least one channel of the 
base station, defining of a second c[uality metric based on 
15 the signal strength for the further transmission signals, 
and defining a transmission quality measurement period for 
the at least one channel in relation to the first cuid sec- 
ond quality metrics. 

20 In particular, the first quality metrics is indicative of 
signal interference on a respective of the transmission 
signals caused by the base station and/or the at least one 
remote station, and the second c[uality metric is indicative 
of signal interference on the further transmission signals 

25 caused by the base station and/or at least one further base 
station. Or more particular the first quality metric is in- 
dicative of signal interference on a respective of the 
transmission signals caused by all . interfering base sta- 
tions and all interfering remote stations being active on 

30 the measured channel c, and the second quality metric is 

indicative of the maximum of the signal interference on the 
further transmission signals caused by at least one further 
interfering base station. 

35 Further, it is possible to define a third quality metric as 
a function of the first and second quality metrics, wherein 
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the transmission quality measurement period, is defined in 
relation to the third quality metric. 

To provide for a continuously measurement of the transmis- 
5 sion quality, a series of the first quality metric is de- 
fined based on the signal strengths being sampled over a 
first period terminating at a first time, and/ or a series 
of the second quality metric is defined based on the signal 
strengths being sampled over a second period terminating at 
10 a second time, and/or the third quality metric is defined 
at a third time on the basis of the first and second qual- 
ity metric series , 

For an embodiment of this method, the minimal second qual- 
15 ity metric of the second cjuality metric series is deter- 
mined, whereby the third quality metric can be defined as 
the minimum of the first quality metric most recently de- 
fined and the minimal second quality metric. 

20 Preferably, the transmission signals are generated at the 
base station and/or at the at least one remote station in 
correspondence to communication signals being used for com- 
munication between the base station and the at least one 
remote stations and/or the further transmission signals are 

25 generated at the base station and/or at the at least one 
further base station in correspondence to communication 
signals thereof, the further transmission signals having a 
predetermined signal level, preferable the maxim\im signal 
level to be generated at the base station and/ or at the at 

30 least one further base station. 

For a selection of optimal channels, resulting in a further 
reduction of the recjuired niimber of transmission quality 
measurements, the methods includes determining whether the 
35 third quality metric exceeds a predetermined quality level 
and allocating a respective channel to the base station for 
actual communication with the at l^ast one remote station. 
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Moreover, for all above methods, embodiments can be pro- 
vided, wherein the transmission quality measurement periods 
are set to a first predetermined transmission quality meas- 
urement period, if the transmission quality measurement pe- 
riods exceed a first predetermined transmission quality 
threshold, emd/or the transmission quality measurement pe- 
riods are set to a second predetermined transmission qual- 
ity measurement period, if the transmission quality meas- 
urement periods are below a second predetermined transmis- 
sion, quality threshold, and/or the transmission quality 
measurement periods are defined to be within a range be- 
tween a minimal transmission quality measur«nent period and 
a maximal transmission quality measurement period. 

Also, embodiments are considered, wherein trsmsmission 
quality measurements are performed according to the tr^uls- 
mission quality measurement periods, and the transmission 
quality measurements can be used to define new transmission 
quality measurement periods to be currently used. 

Referring to the method according to the invention utiliz- 
ing grouping criteria, it is possible to use the transmis- 
sion quality measurements according to the transmission 
quality measurement periods to re-assign the at least one 
remote station to the remote station sets and/oic to the re- 
mote station subsets according to a respective one of the 
transmission quality measurements . 

Especially in the case of data type grouping criteria, it 
is preferred to detentiine data types being communicated be- 
tween the base station and the remote stations in line with 
the transmission quality measurement periods for re- 
assigning the at least one remote station to the remote 
station sets and/or the remote station subsets. 



m 
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In order to consider different parameter influencing the 
measured transmission quality, it is considered to deter- 
mine the signal strengths and/ or numbers of transmission 
errors for signal transmissions between the base station 

5 and the at least one remote station. Alternatively the 

transmission quality can be assessed from measurements of 
the signal strength of the signal treinsmission between the 
base station and the at least one remote station and relat- 
ing this signal strength measurements to the interfering 

10 signal strength. 

Since the transmission situation in a communication network 
chaxiges over time depending e.g. on the number of base sta- 
tions jointly using channels / the number and types of com- 

15 municating remote stations and the like, the laeasurement of 
the transmission quality should be adapted to fulfil vary- 
ing network requirements. Therefore, the invention contem- 
plates to arbitrarily combine the above described methods. 
Such combinations include the utilization of different 

20 methods according to the invention for base and remote sta- 
tions, wherein each station ccin use different embodiments, 
svibsequently or in parallel. 

Additionally, the object of the invention is solved by a 
25 system for a communication network having at least one base 
station and at least one remote station transferring sig- 
nals between each other via at least one charmel for carry- 
ing out of one of the methods accoriding to the invention. 
The system comprises measuring means for measuring the 
30 transmission quality of signal transmissions via ^he at 
least channel, means for the definition of at least one 
transmissions quality measurement period for signal trans- 
missions between the base station and the at least one re- 
mote station, and control means for the measurement of the 
35 transmission quality during the at least one transmission 
quality measurement period. 
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In particular, the system can be operated with respect to 
the at least one channel being allocated to or available 
for the base station. 

5 Depending on the network in which the system according to 
the invention is used, the measuring means are located at 
the base station and/ or at the at least one remote station, 
the transmission quality measurement period definition 
meems are located at the base station, the control means 

10 are located at the base station and/or at the at least one 
remote station, and transmission and reception means are 
provided at the base station and at the at least one remote 
station for communicating the measured transmission qual- 
ity. 



15 



BRIEF DESCRIPTION OF THE DRAWINGS 



Further aspects and advantages of the invention will become 
apparent upon reading the following detailed description of 
20 preferred embodiments of the invention and upon reference 
to the drawings, in which: 

Fig. 1 is a schematic illustration of a communication 
network used for the invention, 

25 

Fig. 2A illustrates a first grouping scheme a<:cording to 
the invention. 

Fig. 2B illustrates a second grouping scheme according to 
30 the invention, and 

Fig. 3 is a schematic illustration of a base station and 
a remote station according to the invention. 



35 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
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As shown in Fig. 1, a communication network N comprises 
several base stations BS and several remote stations RS. 
The base stations BS and the remote stations RS can be any 
device or system which are adapted to communicate by trans- 
5 f erring data/ information between each other. In particular, 
base stations BS include base stations of radio, mobile, 
cellular, public, satellite, broadcast, and computer net- 
works, especially employed for telephone services, and any 
kind of device or system providing communication links be- 

10 tween remote stations. Further, remote stations RS include 
any kind of device or system adapted to communicate with a 
base station as described above and/or with each other via 
such a base station. Examples for remote stations RS com- 
prise radio, mobile, cellular, stationary and satellite 

15 telephones, mobile and stationary computer systems, broad- 
cast end user devices (e.g. a set- top-box ) , end user de- 
vices for paging systems, etc.. 

In principle, a base station BS and remote station RS asso- 
20 ciated therewith communicate over at least one channel c.. 
Usually, in the commiinication network N several channels 
cl, c4 are provided to serve as communication links 

between base stations BS and remote stations RS. 

25 In terms of the invention, the channels cl, c4 can be 

assigned to one or more base stations BS or can be just 
available for the base stations BS. As shown in Fig. 1, the 
channels cl, c2 and c3 are allocated to a base station BS^, 
while the channels c3 and c4 are allocated to a base sta- 

30 tion BSj. The base stations BS^ and BS2 utilize its assigned 
channels for current communication with respective remote 
stations RS. It is assumed that the channels c^ and c, are 
available for the base station BS,, i.e. the base station 
BSj can utilize these channels upon assignment thereof, 

35 while current communication of the base station BS, is not 
performed via the channels cl and c2 being adjust avail- 



wo 01/89117 



PCT/EPOl/05175 



14 



able. Comparable, the chetnnel is available for the base 
station BS^ but not used for current communication - 

As a result of channels being allocated to and available 
5 for different base stations BS, communication of different 
base stations BS, e.g. the base stations BS^ and BS^, can 
occur over same channels as illustrated by channel c, of 
Fig. 1. Depending on the configuration of the network N 
(e.g. type and number of base stations, remote stations and 
10 channels, type and. amount of communicated data/ information, 
. . . ) and the current operational condition/situation of the 
network N, it is necessary to adapt ively control the selec- 
tion of channels c allocated for base stations BS to obtain 
appropriate channel transmission qualities. The selec- 
15 tion/allocation of channels for base stations BS will be 
described below in a greater detail . 

In terms of the invention, channels comprise any kind of 
communication links, for exeimples radio coiratiunication 
20 links, radio carrier, frequency bands, fixed wired communi- 
cation links, communication busses, broadcast channels, 
satellite signal* beams, multiple fiber optic connections, 
ultrasound/ultrasonic links, etc.. 

25 In order to facilitate the under stajiding of the present in- 
vention, the description of preferred eiiibodiments will re- 
fer to mobile/cellular telephone networks, wheiTein the net- 
work N is a public link mobile network, the base stations 
BS are service switching centers, and the remote stations 

30 RS are mobile stations (e.g. mobile/cellular t«l^>hones) . 

As mentioned, the selection of channels to be allocated for 
base stations is essential for the operation of such net- 
works to maintain a sufficient transmission quality between 
35 base stations and remote stations. The transmission quality 
of a channel or communication link between a base station 
and a remote station is assessed on the. basis of measure- 
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merits of the signal strengths received by a base station 
and a remote station, respectively (e.g. RSS-measur^ents) . 

Adaptive Channel Allocation <ACA) based T ransmission Oual- 
5 i,ty Measureit^ent perio<^ 

The received signal strength (RSS) measurements to access 
the transmission quality between a base stations and remote 
stations are used to select/allocate a channel to the base 
10 station providing a desired / appropriate communi<:ation 

link. The results of the RSS-measurement generally fluctu- 
ate over time because of varying propagation losses (path 
losses) and varying transmission power of the base aiad re- 
mote stations. Such fluctuations or the current traffic 
15 load can lead to a selection/ allocation of chajinels not 

meeting the requirements for communication (links) between 
the base station and remote stations. 

In order to condensate for such fluctuations, an Adaptive 
Channel Allocation (ACA) is used which is based on two in- 
puts, both thereof corresponding to the same considered 
channel. The first input is a quality measure related to 
the interfering RSS measured on the channel. This quality 
measure reflects the effect of interference on the recep- 
tion quality of signals communicated between the base st:a- 
tion and the remote stations using this channel for commu- 
nication. Further, this quality measure consiclers interfer- 
ence caused by the base station and the remote stations 
alike . 

The second input is a quality measure which does not con- 
sider interference caused by the remote stations, but con- 
siders only interference caused by other base stations us- 
ing the same chcumel. 
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To obtain the first quality measure, a first cjuality metric 
Q,(t^/C) is derived on the basis of a time series of RSS- 
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measurements collected on a channel c. The first quality 
metric Q^Ct^^c) is indicative of the signal interference on 
signals which would be perceived by the measuring unit, ei- 
ther the base station or a respective remote station, if 
5 the channel c is used for current communication there be- 
tween. The RSS -measurements considered here end at the time 

In order to obtain the second quality measure reflecting 

10 interference generated by base stations, the considered 

channel c is searched for base station signals utilized for 
communication with remote stations associated to different 
base stations other than the measuring base station, or to 
the base station the measuring remote station is associated 

15 with. On the basis of RSS-measurements collected on the 
channel c during the transmission of such commxinication 
signals from base stations, a second quality metric Q^(t^,a) 
is derived. The RSS-measurements used for the second qual- 
ity metric QbCt^^c) end at a second time t^, whereby new 

20 values for the- first and second quality metrics can be 
, available at different times. The second quality metric 
Q^{t.^,c) reflects the effect of signal interference gener- 
ated by one or more base stations transmitting communica- 
tion signals via the channel c on the quality of signals 

25 received by the respective measuring units (i.e. remote 
station) , in case the measuring xmit communicates via the 
channel c . 

This approach is based on the fact that, for a typi-cal com- 
30 munication situation in a network, the average load of base 
stations is much larger compared to the average load of any 
single remote station. Therefore, single interference 
caused by one or more base stations is ass\imed to have a 
higher importance for the assessment of the overall trans- 
35 mission quality of a used channel with respect to remote 
stations. 
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In case the first quality metric Q3{tj^,c) is high compared 
to the second quality metric Qb(tj,c) because interfering 
base stations have currently little load (i.e. a small num- 
ber of active communication links supported by the base 

5 stations)/ this situation is not considered to be represen- 
tative for signal interference in the long term. Therefore, 
the long term transmission quality is estimated assxuning 
that the base station causing the largest interference with 
respect to RSS treuasmitted the interference causing signals 

10 continuously with signal levels -corresponding to the second 
quality metric Q^(t^iC) , 

In order to obtain this condition, the base station (s) to 
be considered for RSS -measurements for the second quality 
15 metric Q^{t,^,c) are operated to transmit interference caus- 
ing signals at the maximum signal level which is permitted 
to be used for any transmission of the base station (s) . 

To determine the long term interference for the channel c, 
20 a long term quality metric Q,^(t3,c) is defined as a function 
of the first and second quality metrics Qs{tj,c) and 
Qj,(t2/C) . The long term quality metric QiCtj^c) is defined at 
a time t3 when a new value for either the first quality 
metric or the second quality metric is availcJsle. Assuming 
25 that the time needed to obtain (signal transmission, meas- 
urement, calculation, - . . ) a new value for the first and 
second quality metrics is rather short, the time sub- 
stemtially corresponds to either time t^ or time t,. 

30 For the definition of the long term quality metric, a mini- 
mal value of all second quality metrics corresponding to 
all base stations using the channel c is determined, the 
minimal value being denoted Qb(t2,c)^„, and compared with 
the most recent value for the first quality metric. So, the 

35 long term quality metric Qi(t3,c) is defined by: 



Q,(t3,c) =g (Q.(t,,c), QJt,.,.c)^), 



# 
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wherein g(x,y) is a function of the two variables x and y. 

Here, x = Q,(t^,c) and y = Qb(tj,c) . 

In one embodiment of the Adaptive Channel Allocation (ACA) 

the function g is defined by: 



Therefore, the long term quality metric Q^(t^,<:) is defined 
as the minimum of either the current first quality metric 
QjCt^/C) or the minimal second quality metric QbCt^/C)^^. As 
a result, the variance of the long term quality metric, 
i.e. the fluctuations over time, is smaller than or equal 
to the variance of the first quality metric. 

In case the first quality metric is only deteirmined by the 
noise level for the channel c, the value for the first 
quality metric is larger than the value for the minimal 
second q[uality metric. In consequence, the value for the 
long term quality metric corresponds with the value for the 
minimal second quality metric. Further, the long term qual- 
ity metric is equal to the minimal second quality metric 
whenever the first quality metric is dominated by transmis- 
sions via the channel c having a smaller transmission level 
and/ or a larger transmission path loss con^ared to trans- 
missions of the base station which determines the minimal 
second quality metric. 

In order to perform the Adaptive Channel Allocation (ACA) 
for a base station^ the above long term quality metric is 
calculated for each channel available for the considered 
base station. On the basis of the calculated long term 
quality metrics, channels having a long teirm quality metri<: 
larger thsm a transmission quality threshold are se- 
lected as suitable to be allocated to the considered base 
station. 



g(x,y) = min(x,y) . 
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The above described procedure for channel selec- 
tion/allocation (ACA) provides an increased long term 
transmission quality and a reduced rate of changes of chan- 
5 nels allocated to base stations. The improvements and bene- 
fits of the ACA can be utilized in any known communication 
network by replacing conventional channel selec- 
tion/allocation procedures. 

Furthermore, the ACA allows to reduce the number of trans- 
mission quality measurements due to the improved reliabil- 
ity and the long term characteristic of the calculated 
transmission quality measure, i.e. the long term quality 
metric . 

On the basis of the long term quality metric, a transmis- 
sion quality measurement period T{c) if defined for a chan- 
nel c. Channels exhibiting a high transmission quality in- 
dicated by a high value for the long term quality metric 
require a smaller number of transmission quality measure- 
ments compared to channels having a smaller transmission 
quality, i.e. smaller values for the long term quality met- 
ric. Therefore, the transmission quality measurement period 
for a channel with a good transmission quality is defined 
to be larger in comparison to the transmission quality 
measurement period for a channel with a worse transmission 
quality. 

Channel based Transmission Quality Measurement P-exlod 
30 

This embodiment is based on the approach to adaptively con- 
trol trajn.smission quality measurement periods separately 
for each channel c^, • . . , c^ in dependence on the current 
accessed respective transmission quality Q(c^) , Q(-c„) . 

35 The transmission quality Q(c) for a ohMunel c is calculated 
on the basis of up-link and down-link measurements for the 
channel c , for example RSS-measurements 



15 



20 
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The measurement period T(c) indicative of the time interval 
between two successive transmission quality measurements 
for channel c depends not only on the quality Q(c) of each 
5 channel c but is also selected differently for channels al- 
located and used by a base station and a channels available 
for other base station but not used by the same. Further, 
it is assumed that a base station BS uses a channel c^ al- 
located therewith, while channels c^^, c^ are available 

10 for but not used by the base station BS. In general, the 
transmission quality measurement period T(c,,) for the used 
channel c^, should be the shorter the worse the quality Q(c^) 
of the used channel c,, is compared to the maximal value of 
the transmission quality values Q{c„^), Q(c^) for the 

15 unused channels c^^, c^. Therefore, the transmission 

quality measurement period T(c^) for the used channel c,, is 
given by: 

T(c,) = A • Q(cJ/max(Q(c^, . . <}(c^)), 

20 

wherein A is a predetermined value previously defined with 
respect to the technical characteristics of the considered 
network. 

25 Further, the transmission quality measurement period TCc^^) , 
• • - ' 'r(c^) unused channels c^^, . , . , c^ should be se- 

lected shorter the better the quality of the respective un- 
used channel is compared to the quality QCCg) of the cur- 
rently used chemnel c^. So, the transmission quality meas- 

30 urement periods T(c„) for an unused channel c^ is given by: 

T(cJ = B . Q(c,)/Q(cJ , 

wherein B is a predetermined value previously defined in 
35 relation to the technical characteristi-cs of the consixiered 
network. 
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As a result of this definition of transmission quality 
measurement periods is that unused channels are more of- 
ten measured the closer the transmission quality Q(c„) 
thereof is to the transmission quality QCcJ of the cur- 

5 rently used channel c^. This definition considers the fact 
that an unused channel c„ becomes a candidate for a channel 
selection/ allocation for the base station BS upon exhibit- 
ing an improved unused channel quality Q(c„) . When the cur- 
rently used channel c^ has a high transmission quality QCc^) 

10 compared to the transmission quality Q(c^) of unused chan- 
nels c„ there is no need for a channel reselec- 
tion/reallocation. Therefore, the transmission quality 
measurement period TCCg) for the used channel c^ is defined 
to be longer. This is a special importance for small net- 

15 works, especially for single cell networks, in which the 
number of available channels with excellent transmission 
quality, i.e. channels with sxibstantially no interference, 
is higher than the nximber of currently used channels. 

20 Base Station related Transmission Quality Measur^mfsnt; peyj- 



In this embodiment, transmission cjuality measurement peri- 
ods are adaptively controlled for each base station depend- 

25 ing on the number of remote station associated v/ith a sin- 
gle base station. Here, the number N of remote stations RS 
associated with a base station and available for transmis- 
sion quality measurements is determined, and a transmission 
quality measurement period T(c) for a channel c allocated 

30 to the base station BS is defined depending on the number N 
of remote stations RS, 

This approach allows to maintain a nearly constant number 
of transmission quality measurements per time resulting in 
35 a substantially constant load for the transmission quality 
measuring units at the base station BS and/or at the remote 
station RS and a constant accuracy of the mean values for 



ods 
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the transmission quality. Since the required transmission 
capacity of the channel c linearly increases with an in- 
creasing number N of associated remote stations RS, it is 
desired to reduce the number of measurements (i.e. to en- 
5 large the transmission quality measurement period T(c) ) 
with an increasing number N of associated remote stations 
RS. This relation is given by: 



T(c) = f (N) . 

10 

As a result, the transmission capacity necessary for trans- 
mission quality measurements including request and report- 
ing transmissions is reduced and can be used for actual 
communication between the base station BS and the associ- 
15 ated remote stations RS. 

Remote Station based Transmission Qua lity Measu rement Peri- 
ods 

20 The main idea underlying this embodiment is to adaptively 
control sets/groups of remote stations which are requested 
to measure transmission parameters (e.g. transmission 
qualities) in dependence to respective transmission parame- 
ters defining the remote station sets/groups. Here, each 

25 remote station RS associated with a base station BS is as- 
signed to one of at least two sets S(i,c), wherein the as- 
signment of the remote stations RS to the remote station 
sets S(i,c) is performed for all channels c available for 
the base station BS, irrespective of whether the base sta- 

30 tion BS is using a channel or not. Before the assignment of 
the remote stations RS, it is necessary to define grouping 
criteria for the at least two remote station sets S(i,c). 
These grouping criteria are indicative of transmission pa- 
rameters according to which the grouping of the remote sta- 

35 tion sets RS has to be accomplished. 
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In view of existing communication networks which usually 
provide transmission quality measurements (e.g. RSS- 
measurements) , one embodiment utilizes grouping criteria 
being indicative of at a least two transmission quality 

5 ranges / groups . On the basis of transmission quality meas- 
urements for the remote stations RS, in up-link and down- 
link communication with the base station BS for all avail- 
able channels c, each of the remote stations RS is assigned 
to one of the remote station, sets S(i,c) being indicative 

10 of a transmission quality range/group including the respec- 
tive remote station transmission quality. Then, tramsmis- 
sion quality measurement periods are defined for each of 
the remote station sets S{i,c) in relation to the respec- 
tive transmission quality range/group. In order to measure 

15 the transmission quality of remote stations having a low 

transmission quality more often than remote stations having 
a high transmission quality, the transmission quality meas- 
urement periods for remote station sets covering a low 
transmission quality range is set to be smaller compared to 

20 transmission quality measurement periods for remote station 
sets covering . a higher transmission quality rsmge. 

As a result of the definition of difference trcuismission 
quality measurement periods for the remote station sets, 

25 during a transmission quality measurement of a certain re- 
mote station set, only the transmission quality for remote 
stations of that certain remote station set are measured. 
In order to limit transmission quality measurements for 
each of the remote station sets, a maximal number of 

30 remote stations RS to be assigned to a certain remote sta- 
tion set is defined. In case the maximal niomber of re- 
mote stations is exceeded in one or several remote station 
sets, the respective remote station set is divided into 
subsets or all remote station sets are re-defined, such 

35 that each set contains maximal N_ remote stations RS. 



wo 01/89117 



PCTAEPOl/05175 



For assigning the remote stations RS to a certain remote 
station set S(i,c), different solutions are possible, 
namely a strictly ordered assignment or a threshold based 
assignment. 

5 

For the strictly ordered assignment, the first remote 
stations RS having the lowest transmission quality values 
q(m,c) are assigned to a first remote station set S(l,c). 
The next remote stations RS with the next low transmis- 

10 sion quality values q(m,c) are assigned to a second remote 
station set S(2,c) and so forth. The last remote station 
set S(i^/C) contains the last remaining remote stations RS 
having the highest transmission quality values q(m,c) . As a 
result of the strictly ordered assignment/ all remote sta- 

15 tion sets S(i,c) contain the same number of remote sta- 
tions RS, while only the last remote station set S(i„/C) 
can contain less than remote stations RS. In Fig. 2A a 
strictly ordered assignment of remote stations RS is illus- 
trated, wherein the msLximal niunber of remote stations 

20 RS is three and the number i of remote station sets S(i/C) 
is three . 

For the threshold based assignment, the remote station sets 
S(i,c) are defined to cover a certain treuismission quality 

25 range, each thereof between an upper and a lower transmis- 
sion quality threshold q^. As shown in Fig. 2B, the remote 
station set S(l,c) covers the frequency range between the 
lower threshold q,^ and the upper threshold q^, the remote 
station set S(2,c) covers the frequency range between the 

30 lower threshold qj and the upper threshold q,, cind so forth. 
The thresholds q^. can be fixed parameters or can be modi- 
fied during the operation of a respective communication 
network in relation to desired and/ or actual operation <:on- 
ditions thereof. The thresholds q,. do not have to be \ini- 

35 formly distributed over the considered transmission quality 
range. 
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If the number of remote station sets RS in a remote station 
set S(i,c) exceeds the maximal number N of remote sta- 
tions RS/ the respective remote station set is subdivided 
into remote station subsets including no more than re- 
5 mote stations RS. In Fig. 2B, this case is illustrated for 
the frequency range between q, and q, by defining remote 
station subsets S'{2,c) and S''(2,c). 

Further, it is possible to define grouping criteria for re- 

10 mote station sets with respect to data types communicated 
between a base station and a remote station. Regarding the 
enhanced communication possibility of known communication 
networks, it is possible that communication links between 
different remote stations and a common base station are 

15 used for the transmission of different types of data. Exam- 
ples for such data types are digital, analog, voice, video, 
audio, public, confidential data, internet pages /websites, 
WAP- (Wireless Application Protocol) -data, paging signals, 
etc . . In order to maintain a decides transmission security 

20 for such different data types, a suitable transmission 

quality for the respective data types must be provided. For 
example, confidential data (e.g. communicated during tele- 
phone banking operation) require a higher transmission 
quality compared to the transmission quality required for 

25 conventional telephone calls in order to transmit the con- 
fidential data in a complete, correct ajid secure maimer. 

Employing data type related grouping criteria, the data 
type communicated between a remote station RS and a base 
30 station BS or the communicated data type requiring the 

highest transmission quality is determined. Subsequently, 
the remote stations RS are assigned to the remote station 
sets S(i,c) according to the respective determined data 
type to be considered for the remote station assignment. 



System for defining Transmission Quality Mg>asurement Period 
in a Communication Metworlc 
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In Fig. 3 only one base station BS and only one remote sta- 
tion RS of the communication network N of Fig. 1 are shown. 
Further, only one channel c is shown as being allocated and 
5 used for communication. 

The base station BS comprises control means IBS connected 
to sender means 2BS and receiver means 3BS. The sender and 
receiver means 2BS, 3BS are used for conmiunication with the 

10 remote station RS and are controlled by the control means 
IBS. For transmission quality measurements and, if desired, 
for a determination of transmitted data types for down-link 
transmissions from the remote station RS, transmission 
quality measurement means 4BS and data type determination 

15 means TBS are provided as illustrated in Fig. 3. Moreover, 
the base station includes storage means 6BS in which previ- 
ous measurement results ( trcucismission quality, data type) , 
transmission quality thresholds, minimal and maximal trans- 
mission quality measurement periods, the above described 

20 grouping criteria, the maximal number of remote stations to 
be assigned to a remote station set, etc. can be stored. 

The components IRS, 7RS of the remote station RS shown 

in Fig. 3 are similar to the respective components of the 

25 base station BS, but are used for measurements with respect 
to up-link communication from the base station BS. In case 
the remote station RS is operated to define respective 
transmission quality measurement periods, the remote sta- 
tion RS is designed as shown in Fig. 3, namely to include 

30 means 5RS for defining transmission quality measurement pe- 
riods. In view of known coimnunication systems wherein con- 
ventionally remote stations perform respective transmission 
measurements and report the results thereof to a associated 
base station, it is contemplated that the remote station RS 

35 is modified not to comprise the mean 5RS. As a consequence, 
it is necessary to communicate transmission measurement re- 
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suits of the remote station RS to the base station BS, e.g. 
by means of the sender means 3RS, 

The base station BS and the remote station RS shown in Fig. 

5 3 are adapted to implement one or several of the above de- 
scribed methods for defining transmission quality measure- 
ment periods. In particular, it is possible that the base 
station BS utilizes a different method compared to the 
method utilized by the remote station RS. Further, it is 

10 contemplated that both the base station BS and the remote 
station RS utilize at least two of the above described 
methods in combination, wherein such a combination includes 
a subsequently application of selected methods and applica- 
tion of methods at the same time. 



15 
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CLAIMS 

1. A method for measuring the transmission quality be- 
tween a base station (BS) and at least one remote station 
5 (RS) in a communication network (N) having at least one 

channel (c) for transferring signals between said base sta- 
tion (BS) and said at least one remote station (RS) , said 
method comprising: 

measuring a transmission cjuality (Q(c)) for signal 
10 transmissions via said at least one channel (c) , and 

defining a transmission c[uality measurement period 
(T(c)) for said at least one channel (c) in relation to 
said measured transmission cnaality (Q(c)) . 

15 2. The method of claim 1, wherein said measuring of said 
transmission quality (Q(c)} includes: 

measuring of a transmission quality (QCc^)) for a 
channel (c^) allocated to said base station (BS) for commu- 
nicating with said at least one remote station (RS) euid/or 

20 - measuring of a transmission quality (Q(c„i) / 

Q(c„„)) for at least one channel (c^^^ .../ c^) available for 
said base station (BS) for communicating with said at least 
one remote station (RS) • 

25 3. The method of claim 2, wherein said defining of said 
transmission quality measurement period (T(c)) includes: 
defining a transmission quality measurement period 
(T(c^) for said allocated channel (c,,) in relation to a ra- 
tio (Rq) of said transmission quality (Q(Co)) of said allo- 
30 cated channel (c^,) and said transmission quality (0(0^^) 
(Q(<^un)) of said at least one available channel (c„^, 
• • • # c^) , and/or 

defining a transmission quality measurement period 
(T(c„j), (T(c^)) for each of said at least one avail- 

35 able channel (c^^, c^^) in relation to a ratio of said 

transmission quality (0(0^)) for said allocated channel (c^) 
and the transmission quality (Q(c„^), • • (Q{c^) ) for a re- 
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spective one of said at least one available channel [o^, 

• • • # ^un^ • 

5 4 . The method of claim 3 , wherein 

said ratio for said transmission quality measurement 
period (TCc^)) for said allocated channel (c^) is a ratio of 
said transmission quality (QCC^)) of said allocated channel 
(Cq) and the maximiim transmission quality of said trsuismis- 

10 sion quality (Q(C^), Q(C^)) for said at least one 

available channel (c„j, . • . , c^^) . 

5, A method for measuring the transmission quality be- 
tween a base station (BS) and at least one remote station 

15 (RS) in a communication network {N) having at least one 

channel (c) for transferring signals between said base sta- 
tion (BS) and said at least one remote station (RS) , said 
method comprising: 

determining the number of remote stations (RS) associ- 

20 ated to said base station (BS) , SindL 

defining a transmission quality measurement period 
(T(c)) for said at least one channel (c) in relation to 
said number of said remote stations (RS) for measuring the 
transmission quality for signal transmissions between said 

25 base station (BS) and said at least one remote stations 
(RS) . 

6. A method for measuring the transmission quality be- 
tween a base station (BS) and at least one remote station 

30 (RS) in a communication network (N) having at least one 

channel (c) for transferring signals between said base sta- 
tion (BS) and said at least one remote station (RS) , said 
method comprising: 

defining grouping criteria, 

35 - assicrning each of said at least one remote station 
(RS) to one of at least two remote station sets according 
to said grouping criteria, and 
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defining transmission quality measurement periods (T.^, 
. . . , T^„) for each of said remote station sets in relation 
to said grouping criteria. 

5 7. The method of claim 6, including: 

defining said grouping criteria as being indicative of 
at least two transmission quality ranges /groups, 

measuring the transmission quality for each of said at 
least one remote station (RS) , 
10 - assigning each of said at least one remote station 
(RS) to one of said remote station sets according to the 
respective remote station transmission quality, and 

defining said transmission quality measurement periods 
(T^i# . - • / T^) in relation to a respective one of said 
15 transmission quality ranges /groups • 

8. The method of claim 6, including the steps of: 
defining of said grouping criteria being indicative of 

at least two data types, 
20 - determining the data type being currently communicated 

between said base station (BS) and each of said at least 

one remote station (RS) , 

assigning each of said at least one remote station 

(RS) to one of said remote station sets according to the 
25 data type communicated to/ from the respective remote sta- 
tion (RS) , and 

defining the transmission quality measurement periods 

(T.x/ - - . , T^) in relation to a respective one of said data 

types . 

30 

9. A method for measuring the transmission quality be- 
tween a base station (BS) and at least one remote station 
(RS) in a communication network (N) having at least one 
channel (c) for transferring signals between said base st:*a- 

35 tion (BS) and said at least one remote station (RS) , said 
method comprising: 
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measuring a transmission quality of transmission sig- 
.nals between a base station (BS) and at least one remote 
station (RS) via at least one channel (c) allocated to said 
base station (BSj , 
5 - defining of a first quality metric (Q,(tj^/C)) based on 
said signal strengths, 

measuring a transmission quality of further transmis- 
sion signals via said at least one channel (c) of said base 
station (BS) , 

10 - defining of a second quality metric (Qjt,,c)) based on 
said signal strength for said further transmission signals, 
and 

defining a transmission quality measurement period 
(T(c)) for said at least one channel (c) in relation to 
15 said first and second quality metrics (Q3(t^/C), Qb(t,,c)). 

10, The method of claim 9, wherein 

- said first quality metrics (Q„, (tj^,c)) being indicative of 
signal interference on a respective of said transmission 

20 signals caused by said base station (BS) and/or said at 
least one remote station (RS) , and 

- each of said second quality metrics (^^(^2'^'^)) being in- 
dicative of signal interference on a respective one of said 
further transmission signals caused by said at least one 

25 further base station (BS) . 

11, The method of claim 9 or 10, including: 
definition of a third quality metric «2i{t3,c)) as a 

function of said first and second quality metrics (Q, (tj,o), 
30 Qb(t3,c,b)), and 

defining said transmission quality measurement period 
(T(c)) in relation to said third quality metric (Q„(t3,c)) . 

12, A method of one claim 11, including: 

35 - determining a minimal second quality metric 

(Qb(tj,c)^„) of a series of said second quality metric 
(Qb(t2,c)), and 
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defining said third cjuality metric <Q,t3,c)) as the 
minimiiin of said first quality metric (Q, (t^, c) ) most re- 
cently defined and said minimal second quality metric 

5 

13. The method of claim 11 or 12, including: 
determining whether the third quality metric (Q^Ct^^c)) 

exceeds a predetermined transmission quality level (Q^) , 
and 

10 - allocating a respective channel to said base station 

(BS) for actual communication with said at least one remote 
station (RS) • 

14 . The method of one of the claims 1 to 13 , wherein 

15 - said transmission quality measurement periods are set 
to a first predetermined transmission quality measurement 
period (T^) , if said transmission quality measurement peri- 
ods exceed a first predetermined transmission quality 
threshold (Q^) , and/ or 

20 - said transmission quality measurement periods are set to 
a second predetermined transmission quality measurement pe- 
riod (Tj) , if said transmission quality measurement periods 
are below a second predetermined tremsmission quality 
threshold (Q,) , and /or- 

25 - said transmission quality measurement periods (T) are 
defined to be within a range between a minimal transmission 
quality measurement period (T^„) and a msiximal transmission 
quality measurement period (T^) - 

30 15. The method of one of the claims 1 to 14, wherein 

transmission quality measurements are performed ac- 
cording to said transmission quality measurement periods 
(T) , and 

said transmission c[uality measurements are used 
35 - - for defining new transmission quality measurement pe- 
riods to be currently used, and/ or 
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- - to re-assign said at least one remote station (RS) to 
said remote station sets and/or to said remote station sub- 
sets . 

16. The method of one of the claims 1 to 15, wherein said 
measuring of said transmission quality includes: 

- determining of signal strengths and/or numbers of trans- 
mission errors for sigrnal transmissions between said base 
station (BS) and said at least one remote station (RS) . 



17. A method for measuring the transmission quality be- 
tween a base station (BS) and at least one remote station 
(RS) in a communication network (N) having at least one 
channel (c) for transferring signals between said base sta- 

15 tion (BS) cmd said at least one remote station (RS) , said 
method comprising: 

- defining transmission quality measurement periods by a 
method resulting from a combination of at least two of the 
methods according to claims 1, 5, 6, and 9. 

20 

18 . A system for a communication network (N) having at 
least one base station (BS) and at least one remote station 
(RS) transferring signals between each other via at least 
one channel (c)for carrying out the method of one of the 

25 claims 1 to 17, comprising: 

measuring means (4BS, 7BS; 4RS, 7RS) for measuring the 
transmission quality for signal transmissions via said at 
least channel (c) , 

means (5BS; 5RS) for the definition of at least one 
30 transmission quality measurement period for signal trans- 
missions between said base station (BS) and said at least 
one remote station (RS) , and 

control means (IBS; IRS) for the measurement of the 
transmission quality according to said at least one trans- 
35 mission quality measurement period. 
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19. The system of claim 18, said system being adapted to 
be operated with respect to said at least one channel (c) 
being allocated to or available for said base station (BS) . 

5 20. The system of claim 19 or 20, wherein 

said measuring means (4BS, 7BS; 4RS, IRS) are located 
at said base station (BS) and/ or at said at least one re- 
mote station (RS) , 

said transmission quality measurement period def ini- 
10 tion means (5BS; 5RS) are located at said base station 
(BS) , 

said control means (IBS; IRS) are located at said base 
station (BS) ajid/or at said at least one remote station 
(RS) , and • 

15 - tretnsmission and reception means (2BS,3BS ; 2RS, 3RS) 
are provided at said base station j[BS) and at said at least 
one remote station (RS) for communicating the measured 
transmission quality. 
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